Introduction
Directed assembly of block copolymers for patterning enhances the resolution and controls the shapes and dimensions of patterned features precisely. [1, 2] Chemically nanopatterned substrates may be prepared by advanced lithographic tools and utilized to create useful, well-defined nanostructures, with both registration and a high degree of order in block copolymer films upon equilibration. [3, 4] In comparing the lithographically defined pre-patterns to the assembled structures in the overlying block copolymer film, the resolution may be enhanced by factors of four or more, and the dimensional uniformity and control of features size and shape may be significantly improved.
[5] Previously we have also shown that blending homopolymer with a block copolymer can facilitate the assembly of non-regular, device-oriented patterns. [6, 7] We anticipate that for some applications in which patterns of regular and non-regular features are required, it may be advantageous to assemble blended materials. Here we investigate directed assembly of a cylinder-forming ternary blend of block copolymer and their respective homopolymers on lithographically defined chemical patterns with density multiplication. Specifically, we extend the implications of using blended material in lieu of pure block copolymer on the desirable patterning attributes of directed assembly in terms of improved critical dimension control and enhanced resolution.
Experimental
Sizes and three-dimensional shapes of assembled nanostructures of block copolymer through pattern registration and density multiplication are regulated by the size of the patterned area, which is controlled by exposure intensity on lithographic process. Pure cylinderforming block copolymers show the shape control with the underlying patterned spot size and density multiplication, however, the shapes of assembled cylinders of the ternary blend with high molecular weight homopolymers are more reflected by the A s y m m e t r i c polystyrene -b -poly(methyl metharylate) (PS-b-PMMA; 46 kg/mol PS, 21 k g / m o l P M M A a n d P D I = 1 . 11) a n d PS (39 kg/mol and PDI=1.08), and PMMA (37 kg/ mol and PDI=1.04) were acquired from Polymer Source, Inc., and used as received.
Hydroxylt e r mi n a t e d polystyrene-random-poly(methyl metha-crylate) (P(S-ran-MMA)-OH; M n =6.3 kg/mol, PDI =1.2) was synthesized using nitroxide-mediated living free radical polymerization, yielding P(S-ran-MMA) with a styrene mole fraction of 79%, which shows nearly nonpreferential wetting property to PS and PMMA and provides defect-free well defined cylinder domains with density multiplication.[8] PMMA photoresist was purchased from MicroChem Corp. and had a M n of 950 kg/mol. Figure 1 shows schematics of our experimental approach. We deposit P(S-ran-MMA) brush on silicon wafer as an imaging layer. The brush is non-preferentially wet by the blocks of the copolymer. Resist on the top of the imaging layer is patterned using e-beam lithography to create hexagonal and rectangular spot arrays. Areas unprotected by the resist are exposed to O 2 plasma. Residual resist is removed by rinsing with chlorobenzene. The exposure intensity during ebeam lithography was varied from 1000 to 6000 C/cm 2 to vary the diameters (d spot ) of the patterned regions. The periodicity of the pattern (L S ) is 55nm. Spots are preferentially wet by the PMMA in neutral background. The ternary blend, which has 40% homopolymer fraction, is coated on the patterns and assembled at 230C for 12 hrs 
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